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An autonomous driving system for a vehicle includes: a com 
puter unit which evaluates Surroundings-related and vehicle 
related data with the aid of sensors and carries out an auto 
matic driving operation based on the data; a lead time 
calculator assigned to the computer unit and determining a 
lead time by evaluating the Surroundings-related and vehicle 
related data, the lead time requiring an intervention by the 
driver; and a comfort time calculator assigned to the computer 
unit and calculating a reaction time of the driver by evaluating 
driver-related data, the comfort time calculator continuously 
comparing the lead time with the reaction time and determin 
ing therefrom a comfort time which is determined by taking 
the difference between the lead time and the reaction time. 
When the comfort time reaches zero, a countermeasure 
including a prewarning of the driver and/or a mode change of 
the driving system is initiated. 

  



Patent Application Publication Dec. 31, 2015 Sheet 1 of 2 US 2015/0375757 A1 

tra 

Y 
s 

9. 
& 

co 

O 
cN 

CN 
ve 

d 
CO 

s 
vas 

d 
cN 

CN 

co 
CN 

  



Patent Application Publication Dec. 31, 2015 Sheet 2 of 2 US 2015/0375757 A1 

  



US 2015/0375757 A1 

AUTONOMOUS DRIVING SYSTEM FORA 
VEHICLE AND METHOD FOR CARRYING 

OUT THE OPERATION 

BACKGROUND OF THE INVENTION 

0001 1. Field of the Invention 
0002 The present invention relates to an autonomous 
driving system for a vehicle and a method for carrying out the 
operation, including a computer unit, which evaluates Sur 
roundings-related and vehicle-related data with the aid of 
sensors and carries out an autonomous driving operation 
based on the data. 

0003 2. Description of the Related Art 
0004. It is known to provide autonomous driving systems 
for vehicles, which observe the surroundings of the vehicle 
with the aid of sensors. These driving systems do not yet 
actively include the present state of the driver, making it 
necessary for the driver to maintain a more or less permanent 
visual contact with the road during autonomous driving 
operation. 

BRIEF SUMMARY OF THE INVENTION 

0005. The autonomous driving system for a vehicle 
according to the present invention has the advantage over the 
related art that during autonomous driving operation, the 
driver may be granted a certain freedom, in particular no 
permanent visual contact with the road, while the safety is 
nonetheless additionally increased. In particular in the case of 
critical situations, the driver may be instructed in good time to 
take over control of the vehicle. If the driver is too severely 
distracted, countermeasures may be initiated very early, for 
example, bringing the vehicle into a safe condition by reduc 
ing speed, if necessary decelerating to an emergency stop. It 
is very advantageous that it is not necessary to warn the driver 
in certain situations, since the driving system according to the 
present invention has detected that the driver has recognized 
the danger in any case and reacted accordingly. 
0006 Another improvement of the safety of the autono 
mous driving system is obtained if, for calculating the com 
fort time, the difference is determined between lead time t 
and a sum of reaction time t and additionally a system reac 
tion time tiss and additionally a safety time t. 
0007 Another improvement of the safety of the autono 
mous driving system is obtained if reaction time t is already 
reduced as a precaution, in that, in the event that the driving 
system has determined a long reaction time t, training mes 
sages directed to the driver must be confirmed and/or mes 
sages are sent by the driving system to the driver, which result 
in increased attention of the driver. 

0008. A driving system which is very comfortable for the 
driver is obtained if the comfort time calculator has two main 
operating modes which are predefinable by a user. The first 
operating mode may be designed to be user comfort-priori 
tizing, in that a fixed comfort time t is predefined, which the 
user may enter directly into the driving system as a time 
specification and/or may also be preset by the user as a pre 
determined Sub-mode setting and/or may also be ascertained 
automatically via a driver state detection. Alternatively, the 
second operating mode may be designed to be travel-priori 
tizing, in that the driver enters readiness for increased driver 
attention into the driving system when starting travel, and 
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comfort time t is set to a correspondingly low value and 
results in a setting of the driving system having a higher travel 
speed. 
0009. Another improvement of the safety of the autono 
mous driving system is obtained if the driving system after 
each warning carries out a calibration of reaction time t 
calculated on the part of the driving system after each warn 
ing, in that reaction time to calculated by the system is com 
pared with a measured reaction time. 
0010 Advantageously, the driving system may provide a 
display of lead time t for the user. 
0011. It is also advantageous to regulate the speed of the 
vehicle within established limits automatically, this occurring 
as a function of ascertained lead time t, and reaction time t of 
the driver. It may also be included that there may be no 
interference with other road users. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 shows the schematic structure of the autono 
mous driving system for a vehicle in a block diagram. 
0013 FIG. 2 shows a diagram of a first exemplary 
sequence of the control parameters according to a first con 
figuration. 
0014 FIG. 3 shows a diagram of a second exemplary 
sequence of the control parameters according to a second 
configuration. 

DETAILED DESCRIPTION OF THE INVENTION 

0015 The schematic structure of autonomous driving sys 
tem 1 according to the present invention for a vehicle is shown 
in a block diagram in FIG.1. Autonomous driving system 1 is 
provided to at least temporarily relieve the driver of the 
responsibility for driving the vehicle. 
0016 Driving system 1 has a driver-side branch and a 
vehicle-side branch, the first being indicated by a driver icon 
2 and the second being indicated by a vehicle icon 3. 
0017. In the vehicle-side branch, the vehicle surroundings 
are observed via sensors 5 and fed via a connection 20 to a 
computer unit 6, which ascertains therefrom status informa 
tion of the vehicle, a sensor range and an obstacle distance, 
which is then fed via a connection 21 to a lead time calculator 
7. Computer unit 6 thus masters all tasks of a previous autono 
mous system, which will be expanded according to the 
present invention to include lead time calculator 7 and a 
comfort time calculator 8. Autonomous driving system 1 
observes its Surroundings using sensors 5. From this, it ascer 
tains a model of the Surroundings using Surroundings-related 
and vehicle-related data and determines necessary maneuvers 
of the vehicle. The period of time from the point in time at 
which the system recognizes the need for a maneuver, until 
the point in time at which the maneuver must be carried out, 
is described in the following as lead time t. Lead time t 
describes the remaining residual time, in which autonomous 
driving system 1 still has the vehicle safely under control. 
Subsequently, an intervention by the driver is necessary. Lead 
time t is affected by, among other things, the following influ 
encing factors. The vehicle speed should be noted, since a 
higher speed reduces lead time t. Furthermore, the sensor 
range should be noted, since a smaller sensor range. Such as 
during fog, reduces lead time t. Furthermore, depending on 
the design of autonomous driving system 1. Such as a multiple 
target capability, a higher traffic density reduces the logical 
sensor range and accordingly the lead time as well. In addi 
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tion, the sensor availability should be noted, since a failure of 
sensors may also reduce lead time t. Finally, obstacles should 
be noted, since detected obstacles, such as roadway narrow 
ings, reduce lead time t, based on their distance. Lead time t 
is calculated in lead time calculator 7 essentially based on 
vehicle-related and Surroundings-related data and fed via a 
connection 22 to comfort time calculator 8. A time-based 
regulation query occurs in the form of an exchange between 
comfort time calculator 8 and computer unit 6 via a connec 
tion 23. 
0018. Other parameters for comfort time calculator 8 in 
the driver's side branch are reaction time t and its general 
state of the driver, for which driver-related data are evaluated. 
0019. The period of time needed by the driver to recognize 
a dangerous situation and intervene in the autonomous driv 
ing is referred to as reaction time t. The length or duration of 
reaction time to mainly depends on the degree of distraction 
of the driver and it may also be influenced by the attention and 
by the position or the location of the driver. Driving system 1 
according to the present invention observes driver 2 via cam 
eras and sensors in vehicle operating elements, which detect 
the driver's present operating procedures and thus ascertain 
driver-related data. To be mentioned by way of example are 
on the one hand the viewing direction, in particular the focal 
point of the eyes and the facial orientation. This is followed by 
the present location in the vehicle, which may be ascertained, 
for example, from the seat occupancy and/or the pedal contact 
and/or the steering wheel contact and/or the system opera 
tions. Furthermore, the use of mobile terminals may be 
included, such as media consumption, and also the making of 
phone calls, including from mobile radio devices as well as an 
estimate of the driver's state as to whether he is awake or tired, 
may be included. 
0020. In addition, of course, the already described traffic 
situation, as well as factors such as range of vision, rain (for 
example, windshield wipers streaking), etc. pp. also have an 
impact on the reaction time of the user, since complex situa 
tions are also more difficult for the user to detect or result in 
a longer reaction time. 
0021 Based on these data, driving system 1 then develops 
a model of the driver's state, preferably modeled in comfort 
time calculator 8 and derives from it the most likely reaction 
time to based on the model or experience. This reaction time 
t is the time needed for the driver to take over for or support 
autonomous driving system 1 and may also be referred to as 
alarm time. This determination of the driver's state is indi 
cated in FIG. 1 under the block user monitor 10, which then 
outputs reaction time t and the general state of the driver to 
comfort computer 8 via connection 24. User monitor 10 
observes the user and continuously ascertains instantaneous 
reaction time t and the present state of the driver. Further 
more, user monitor 10 displays data Such as, for example, 
calculated lead time t. 
0022. According to the present invention, comfort time 
calculator 8 compares lead time t with reaction time t. If the 
Sum of reaction time t, advantageously in addition to a 
system reaction time tiss and advantageously also in addition 
to a safety time t is less than lead-time t, driving system 1 is 
in a comfort Zone 15, in which comfort time t-0. If comfort 
time calculator 8 then detects that this is equal to Zero, com 
fort time calculator 8 tries to initiate countermeasures in 
which it asks the driver for more attention and a prewarning is 
issued to the driver. Via a connection 26 of comfort time 
calculator 8, a warning level or the request for taking over 
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operation of the vehicle is issued, which is indicated by the 
block user alarm 11. An alarm does not occur if the detected 
state of the driver already indicates that the driver already 
displays complete attention, so that t t applies, which is 
the minimum value. Alternatively or in addition, the autono 
mous system characterized by computer unit 6 may be tran 
sitioned into a safe mode change, in that a control specifica 
tion for lead time t is predefined. This may then result, for 
example, in a reduction of the vehicle speed to a maximum 
speed of Zero, which corresponds to an emergency stop. Driv 
ing system 1 therefore constantly compares reaction time t 
or the alarm time of the driver with remaining lead time t, in 
order to instruct the driver to take over control of the vehicle 
in good time in a critical situation. If the driver is severely 
distracted and driving system 1 then estimates or calculates a 
high reaction time t or alarm time, appropriate measures are 
already initiated at an early time, Such as decelerating the 
vehicle to an emergency stop, if necessary, or otherwise 
bringing the vehicle to a safe state. Advantageously, a warn 
ing of the driver may be omitted in certain situations, if 
driving system 1 has detected that the driver has already 
recognized the danger and reacts accordingly. Another advan 
tageous extension is to limit reaction time t of the driver or 
intentionally reduce his alarm time, by requesting the driver 
to confirm training messages or increase his attention if reac 
tion time t is estimated to be too high. The speed of the 
vehicle may also be regulated automatically within estab 
lished limits, which occurs as a function of specific lead time 
ty. Hereby, it is considered that no other road users should be 
hampered by the increase in speed. 
0023. In addition, a mode selection initiated by the user 
may change the system behavior. The mode selection is indi 
cated by the block mode input 12. The mode is transferred to 
comfort time calculator 8 via a connection 27. Comfort time 
calculator 8 has two main operating modes, a first main oper 
ating mode and a second main operating mode. The user may 
choose between these operating modes. The first main oper 
ating mode is oriented to a user comfort priority. The user may 
set a certain comfort time t in the driving system. The con 
ventional autonomous system characterized by computer unit 
6 is then controlled in such a way that desired comfort time t 
of the user may be maintained. This occurs via regulation of 
the vehicle speed and/or, if necessary, also via the route selec 
tion. To select the first main operating mode, the user may 
directly set the time of comfort time t and/or select a sub 
menu or carry out a sub-mode setting in the vehicle system. 
An indirect selection is also possible via an automatic detec 
tion of the present state of the driver. In this case, driving 
system 1 must be able to distinguish allowed States, such as 
reading, Surfing, being entertained, from impermissible 
States. Such as sleeping, getting up, etc. 
0024. The second main operating mode is oriented to a 
travel priority, i.e., a rather faster vehicle driving mode is 
provided and resulting comfort Zone 15 is correspondingly 
Smaller. However, the user must then give greater attention 
and completely stop peripheral activities. By making an input 
in the block mode input 12, the user is able to adjust the two 
main operating modes. 
0025 System reaction timets is the time required for the 
autonomous system to carry out an autonomous driving 
maneuver based on a detected traffic situation. Taking the 
emergency stop as an example, this would be the system 
processing time plus the braking time and plus a safety 
reServe. 
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0026 Safety time t is the time reserve, which the system 
holds in reserve in order to compensate the error of the reac 
tion time estimation or the determination of reaction time t. 
0027. The safety time reserve is transferred to comfort 
time calculator 8 via the block control parameter 14 via a 
connection 25. 
0028. An exemplary sequence of the control parameters is 
shown below with reference to the diagrams according to 
FIG. 2 and FIG. 3. Elapsed action time t or the observation 
horizon is plotted in FIGS. 2 and 3 as the abscissa and lead 
time t is plotted as the ordinate. Solid line 16 indicates the 
curve of precalculated lead time t. At point in time A, an 
obstacle emerges in the observation horizon of the system. 
When reaction time to of the driver and safety time t and 
system reaction time tiss are subtracted from lead time t 
calculated by the system, the result is a buffer which repre 
sents comfort Zone 15. The curve of system reaction time tiss 
is indicated by a dashed line 17. Added to this is reaction time 
t of the driver, indicated by a dashed line 18. Safety time t is 
indicated by a dashed line 19. Comfort Zone 15 runs between 
line 18 and 19. No continuous direct visual contact with the 
road is necessary in comfort Zone 15. Since the obstacle gets 
closer, with the present attention status of the driver with his 
reaction time t, at point in time B, comfort time t becomes 
Zero; the driver would thus leave comfort Zone15. According 
to the present invention, the user receives a prewarning at B to 
motivate him to increased attention, which then results in a 
minimum reaction time t, so that some comfort time tor 
comfort Zone 15 remains again. At point in time C, driving 
system 1 detects that it can no longer keep the user in comfort 
Zone 15 and initiates the transfer to the driver or the termina 
tion of autonomous operation. The autonomous operation is 
ended at point in time D. 
0029 FIG.3 shows an alternative system configuration in 
which an emergency maneuver, Such as an emergency stop, is 
initiated directly at point in time C. 
0030. Furthermore, at the time of each warning, System 1 
carries out a calibration of estimated reaction time t, which 
occurs by comparing the estimated reaction time or a reaction 
time t calculated by the system with a measured reaction 
time. System 1 may also provide a display of lead time t for 
the user, for example, on user monitor 10. 
0031. The autonomous driving system according to the 
present invention represents an advantageous Supplementa 
tion of known autonomous driving systems. 
What is claimed is: 
1. An autonomous driving system for a vehicle, compris 

ing: 
a computer unit, which evaluates Surroundings-related and 

vehicle-related data acquired with the aid of sensors and 
carries out an autonomous driving operation based on 
the data; 

a lead time calculator assigned to the computer unit, the 
lead time calculator determining a lead time required for 
an intervention by the driver by evaluating the surround 
ings-related and vehicle-related data; and 

a comfort time calculator assigned to the computer unit, the 
comfort time calculator calculating a reaction time of the 
driver by evaluating driver-related data, the comfort time 
calculator continuously comparing the lead time with 
the reaction time and determining a comfort time by 
taking the difference between the lead time and the 
reaction time, wherein the comfort time calculator ini 
tiates no measures as long as the comfort time is greater 
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than Zero, and wherein the comfort time calculator ini 
tiates a countermeasure only when the comfort time 
reaches Zero, the countermeasure including at least one 
of a prewarning of the driver, a mode change of the 
driving system, and reducing the vehicle speed. 

2. The autonomous driving system as recited in claim 1, 
wherein for calculating the comfort time, the difference is 
determined between the lead time and a sum of (i) the reaction 
time, (ii) a system reaction time, and (iii) a safety time. 

3. The autonomous driving system as recited in claim 1, 
wherein in the event that the driving system determines a 
reaction time exceeding a predefined limit, a training message 
directed to the driver is sent by the driving system to the driver 
to increase attention of the driver. 

4. The autonomous driving system as recited claim 2, 
wherein the comfort time calculator has two main operating 
modes which are predefinable by a user. 

5. The autonomous driving system as recited in claim 4. 
wherein the first main operating mode is a user comfort 
prioritizing mode in which a fixed comfort time is defined at 
least one of (i) by the user and entered into the driving system 
as a time specification, (ii) by the user as a predetermined 
Sub-mode setting, and (iii) automatically via detection of a 
driver's state. 

6. The autonomous driving system as recited in claim 4. 
wherein the second main operating mode is a travel-prioritiz 
ing mode in which the driver enters readiness for increased 
driver attention into the driving system when starting travel, 
and the comfort time is set to a correspondingly low value and 
results in a setting of the driving system having a higher travel 
speed. 

7. The autonomous driving system as recited in claim 4. 
wherein the driving system carries out after each warning a 
calibration of the reaction time calculated on the part of the 
driving system, the calibration including a comparison of the 
reaction time calculated by the system with a measured reac 
tion time. 

8. The autonomous driving system as recited in claim 4. 
further comprising: 

a display unit for displaying the lead time to the user. 
9. The autonomous driving system as recited in claim 4. 

wherein the speed of the vehicle is automatically regulated 
within predefined limits as a function of the ascertained lead 
time and the reaction time of the driver. 

10. A method for operating an autonomous driving system 
for a vehicle, comprising: 

evaluating, by a computer unit, Surroundings-related and 
vehicle-related data acquired with the aid of sensors; 

determining, by a lead time calculator assigned to the com 
puter unit, a lead time required for an intervention by the 
driver by evaluating the Surroundings-related and 
vehicle-related data; 

calculating, by a comfort time calculator assigned to the 
computer unit, a reaction time of the driver by evaluating 
driver-related data; 

comparing, by the comfort time calculator, the lead time 
with the reaction time to determine a comfort time based 
on the difference between the lead time and the reaction 
time; and 

initiating, by the comfort time calculator, a countermeasure 
only when the comfort time reaches Zero, the counter 
measure including at least one of a prewarning of the 
driver, a mode change of the driving system, and reduc 
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ing the vehicle speed, wherein the comfort time calcu 
lator initiates no countermeasure as long as the comfort 
time is greater than Zero. 
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